Background There is some evidence that functional performance and validated outcome scores differ according to the gender, age, and sport participation status of a patient after anterior cruciate ligament (ACL) reconstruction. However, the impact of these three factors, and interaction among them, has not been studied across a large relatively homogeneous group of patients to better elucidate their impact.
Introduction
The incidence of anterior cruciate ligament (ACL) reconstruction is steadily rising [9] and it is well known that female gender is a risk factor for sustaining an ACL injury [6, 14, 15, 18] . With the number of females having ACL reconstruction also increasing, there is growing evidence that the outcome of ACL reconstruction may differ between men and women [1, 19] . Data from the Swedish Knee Ligament Registry have shown that women report worse scores on the Knee Injury and Osteoarthritis Outcome Score (KOOS) both before surgery and 1 and 2 years after ACL reconstruction [1] . A recent systematic review [19] , which summarized a range of outcome measures, reported that women had inferior outcomes for instrumented knee laxity, Lysholm and Tegner activity scores, and a higher incidence of not returning to sports. There has also been a steady rise in the incidence of ACL reconstruction in younger patients [4] , and recent age-related differences have been reported with younger patients returning to sports more frequently and sustaining a greater number of second ACL injuries [10, 13, 20, 21] . The level of sport participation after ACL reconstruction has also been shown to be related to patient outcomes with patients who return to sport shown to have better objective and subjective scores as measured by the International Knee Documentation Committee (IKDC) and superior functional limb symmetry [2] .
Given these findings and the potential influence of gender, age, and sport participation on both performance measures and validated ACL reconstruction outcome scores, it would seem relevant to report such data according to these three aspects. In previous studies, these factors have typically been investigated separately rather than in combination. This is relevant because there are some data to suggest that gender differences are influenced by age. In one study, older females had lower KOOS sports and recreational activities subscale scores compared with older males, whereas there were no gender differences among younger patients [1] .
In this study we therefore used a large cohort of patients who had undergone ACL reconstruction to determine if objective clinical and functional measures as well as validated outcome scores differed according to (1) gender; (2) age; and (3) sport participation status.
Patients and Methods
This was a retrospective analysis of prospectively collected data. Between March 2007 and October 2016, 3452 singlebundle ACL reconstructions were performed in patients who participated in sport before ACL injury. Most patients had an arthroscopically assisted four-strand hamstring tendon graft using semitendinosus and gracilis tendons. Suspensory proximal fixation was used on the femoral side and interference screw fixation on the tibial side. Apart from graft harvest, a similar surgical technique was used for patients receiving a patellar tendon graft. For patients receiving a synthetic graft, the femoral tunnel was drilled from outside to in and both ends of the graft were fixed with an interference screw. Complete followup (including preoperative scores and scores at least 1 year after surgery; mean, 14 months; range, 12-20 months) was available on 2672 (77%) of patients. Those lost to followup and those accounted for were not different in terms of age, gender, and sports participation before their ACL injury. The average age of the full eligible cohort was 28.9 (SD 10) years, which was similar to the age of the group who was reviewed (average age 28.1 [SD 10] years). Of the full eligible cohort, 66% (n = 2265) were male and 34% female (n = 1187) compared with 65% (n = 1726) of males being followed up and 35% (n = 946) of females. One of our eligibility criteria was participation in sport before ACL injury. Thus, all those who were potentially eligible, and therefore those who were reviewed, participated in sport before injury. In the full eligible cohort, 94% of patients participated in Level I or II sports compared with 93% of those with full followup. Patients with bilateral ACL injuries were not included (N = 284) because many of the reported outcomes rely on comparison with a normal contralateral knee. A cohort of 368 patients who received a double-bundle reconstruction between 2007 and 2010 were not included. A small group of patients (N = 82) who did not participate in any form of sport (neither before nor after their ACL injury) were also excluded. Of the 2672 patients who participated, 102 underwent further surgery within the first 12 months after their ACL reconstruction procedure and were therefore excluded, leaving a sample of 2570 patients.
Postoperatively all participants underwent the same rehabilitation protocol. This protocol encouraged immediate full knee extension and the restoration of quadriceps function as soon as possible. Particular emphasis was placed on the restoration of vastus medialis function. Weightbearing was allowed on an as-tolerated basis from the first postoperative day. No braces or splints were used. Progression was guided by the presence and degree of pain and swelling.
Evaluation
Passive knee flexion of both knees was recorded with a goniometer with the patient in the lateral decubitus position. For comparative purposes, the deficit (in degrees) of the operated limb was used. Extension deficits were recorded with the method described by Sachs et al. [16] where the patient is positioned prone. The difference in heel height is converted to an extension deficit in degrees by a formula based on the difference in heel height and the patient's height. This method records the deficit relative to the normal hyperextension of the contralateral limb rather than relative to an arbitrary 0.
Measurements of side-to-side differences in anterior tibial displacement were made with a KT-1000 arthrometer (MEDmetric Corp, San Diego, CA, USA) at 134 N. Three measures were taken from both knees and the average displacement in millimeters recorded. The side-to-side difference was recorded as the operated knee score minus the contralateral knee score.
Patients completed both a single hop for distance and a triple crossover hop for distance. Patients were instructed that they must hop as far as possible but control their landing. A familiarization trial was permitted and any trial where the landing was not controlled (i.e., touch down with the opposite foot) was excluded. Two successful trials from both limbs were recorded and the average of the two used to calculate a limb symmetry index (operated side score divided by contralateral side score 9 100%) [12] . A limb symmetry index of\100 indicates a deficit in the operated limb.
All patients completed a self-administered questionnaire that included the IKDC subjective knee evaluation score [7] and the Single Assessment Numeric Evaluation (SANE) score [22, 23] . For the IKDC subjective measure, scores range from 0 to 100 with higher scores indicating fewer symptoms and better function. For the SANE score, patients answered the following question: How would you rate your knee on a scale from 1 to 100 with 100 being normal? Patients were also asked whether they had returned to their preinjury sport with responses coded as not at all, training only, or returned to preinjury sport.
Any further surgical procedures to the ACL-reconstructed knee within the first 12 months were noted. Assessments were completed by a number of trained clinical assessors (PS, AR, TH, CW, HK, TP). Data were missing from the following number of patients for the included measures: five flexion, 12 extension, 13 instrumented laxity, 78 single hop, 105 crossover hop, 128 SANE score, and 173 IKDC subjective score. There were also 156 patients for whom we did not have sport participation status. In this study, we chose to focus on postoperative measures collected when the patient returned for their 1-year review. We did not include the level of preoperative function because this varies considerably, primarily because of the highly variable time from injury to surgery. This timeframe is typically short and therefore does not allow the patient to develop symptoms of instability, the principal symptom of chronic ACL insufficiency. Most patients in this setting actually restrict their activity, so using this level of function as a baseline could have artificially made the results of ACL reconstruction better than they really are.
Data Analysis
Mean scores and measures of variability were calculated for each outcome measure. Scores were also calculated according to gender, age, and sport participation level (''had not resumed sport,'' ''had resumed training,'' or ''had resumed competition at the preinjury level''). Comparisons among gender, age, and sport participation status were made with t-tests and one-way analysis of variance. All data were analyzed using IBM SPSS statistics (Version 23; IBM Corp, Armonk, NY, USA) software with significance set at p \ 0.05.
Results
Men had less knee laxity after reconstruction, greater limb symmetry, and higher IKDC scores than did women. There was no difference in ROM measures between men and women (flexion deficit: men 3.6 ± 5; women 3.6 ± 5, mean difference 0°[À0.4 to 0.5], p [ 0.05; extension deficit: men 0.6 ± 2; women 0.6 ± 2, mean difference 0 [À0.1 to 0.2], p [ 0.05); Table 1 ). Knee laxity was less for men, but the overall magnitude of the difference was small (men 1.1 ± 2.2; women 1.3 ± 2.4; mean difference 0.2 mm [0-0.4], p \ 0.001). Limb symmetry scores were greater for men than women (crossover hop: men 97 ± 12; women 94 ± 13, mean difference 3 [3] [4] [5] , p \ 0.001; Table 1 ). SANE scores were similar between men and women (men 86 ± 12; women 85 ± 11; mean difference 1 point [À0.5 to 1], p = 0.3). IKDC subjective scores were higher for men, but the magnitude of the difference was relatively small (men 84 ± 12, women 82 ± 12, mean difference 2 points [1] [2] [3] , p \ 0.001; Table 1 ).
Younger patients had greater side-to-side differences in knee laxity but less ROM deficits and greater limb symmetry. The greatest side-to-side difference in knee laxity was seen in the younger than 16-year-old girls (Table 2 ) (\ 16 years: 1.5 ± 3; [ 45 years: 0.8 ± 3: mean difference 0.7 [0-2], p = 0.05). Limb symmetry scores (Table 3) decreased with increasing age with the greatest difference seen between the youngest and oldest patient groups (crossover hop: \ 16 years 99 ± 10; [ 45 years 90 ± 17 mean difference: 9 [5] [6] [7] [8] [9] [10] [11] , p \ 0.001). Both SANE and IKDC subjective scores decreased with increasing age with the greatest difference again being between the youngest to oldest patient groups (Table 4) (SANE: \ 16 years 90 ± 10; [ 45 years 82 ± 14, mean difference 8 points [5] [6] [7] [8] [9] [10] [11] , p \ 0.001; IKDC: \ 16 years 88 ± 11, [ 45 years 79 ± 14, mean difference 9 points [6] [7] [8] [9] [10] [11] , p \ 0.001).
Patients who had returned to their preinjury sport had higher limb symmetry scores and better patient-reported outcomes. Both IKDC and SANE scores were higher in patients who had returned to their preinjury sport compared with those who had not (Table 5 ) (IKDC: returned 90 ± 9, no sport 79 ± 12, mean difference 11 points [9] [10] [11] [12] , p \ 0.001; SANE: returned 90 ± 8, no sport 82 ± 13, mean difference 8 points [7] [8] [9] [10] , p \ 0.001). Patients who had returned also had higher limb symmetry scores (single limb hop: returned 97 ± 10, no sport 91 ± 14, mean difference 6 [5] [6] [7] , p\0.001; crossover hop: returned 99 ± 10, no sport 94 ± 14, mean difference 5 [4] [5] [6] , p\0.001). Patients who had returned to their preinjury sport were also younger than those who had not (mean difference 5 years [3] [4] [5] [6] , p \ 0.001).
Discussion
Although female gender is a well-established risk factor for primary ACL injury, second ACL injury rates have been reported to be high in both younger men and women [13, 20, 21] . Although many factors may potentially influence the outcomes of ACL reconstruction, there is emerging evidence that both functional performance and validated outcome scores differ according to a patient's gender, age, and sport participation status [1, 19] . However, most of these data has come from quite heterogeneous patient groups and there has been limited attempts to investigate the gender and age differences in the same population of patients despite some data that show that gender differences might be associated with age [1] . This study sought to determine if a range of measures including laxity, ROM, objective performance measures, and validated outcomes after ACL reconstruction differed according to gender, age, and sport participation status. The results showed that men had less knee laxity and better limb symmetry and IKDC subjective knee scores than women. Younger patients had more favorable outcomes for all measures other than knee laxity, which was greater in younger patients. Patients who had returned to their preinjury sport scored higher for objective functional measures as well as validated outcomes scores (IKDC, SANE score) than patients who had not returned to sport. The most salient limitation of the current study is that outcome measures were collected at one time point, approximately 12 months postsurgery. Although it is recognized that patients may continue to improve, this time point was chosen because it reflects when patients in our clinic have their final review. This time point is also clinically relevant because patients have typically recently recommenced sport participation or are making decisions about whether to do so. We did not include all possible outcome measures and tools such as the KOOS and EQ-5D have also been shown to have utility in this patient group. The SANE score was chosen because single-item assessments have been advocated to relieve the burden of clinician and patient time and resources for self-reported data [17] . There are three other potential sources of bias in a study such as ours. Transfer bias relates to the loss to followup, and in the current study, this loss was 23%. It is therefore possible that those patients who were not included were in some way systematically different from those who were included. Although there may still be subtle differences, we were able to confirm that there were no differences between the patients who were and were not included in terms of gender, age, or sport participation status (the three main factors investigated in the current study). Another source of bias is assessment bias. In this study, a number of assessors was used but each was trained, supervised, and monitored according to our standardized assessment protocols. Although the analysis for this study was performed retrospectively, the data were collected prospectively, which helps to minimize assessment bias. Finally, selection bias should be considered. In this study, (11) 97 (10) 93 (11) 98 (11) 99 (10) 96 ( (14) 93 (13) 89 (14) 96 (12) 97 (12) 93 ( (15) 90 (15) 87 (16) 91 (15) 93 (14) 88 ( all patients received a single-bundle ACL reconstruction except for a small cohort who received a double-bundle graft between 2007 and 2010 and the latter patients were not included in this study.
The current data are consistent with data from the Swedish Knee Ligament Registry, which also showed differences in patient-reported outcomes between men and women [1] . In these registry data, females had worse outcomes than males for the KOOS score and the EQ-5D generic health status measure. The current data extend this finding to other commonly used patient-reported outcomes (IKDC subjective and SANE scores) as well as measures of functional limb symmetry and knee laxity. In the current study, women had greater laxity than men, which is consistent with findings from a recent systematic review [19] . However, unlike the current data, which showed higher subjective IKDC scores in women, the same review showed no differences between men and women for subjective IKDC scores with results from individual studies being mixed (two studies favoring females and one favoring males).
Most of the measurement outcomes included in this study varied according to the age of the patient group. This was notable for limb symmetry measures, which became increasingly less symmetric with increasing patient age. In the current study, limb symmetry was measured using single limb hop tests, because these tests are increasingly being used to inform return to sport decision-making [5, 11] . The finding that younger patients tend to score higher, and on this basis may be considered to be more ready to return to sport, should be considered in the context of the fact that younger patients have the highest rates of second ACL injury. It is also not necessarily implied that older patients have unsatisfactory surgical results, because overall both the objective functional and validated outcome scores were high for all age groups, showing that successful surgical results can be achieved in older patients. Again, this is consistent with findings from the Swedish ACL register, which showed similar KOOS results across a range of age groupings at 1, 2, and 5 years postsurgery [1] . It is nonetheless of interest that the best outcomes in terms of patient stability were seen in the older group who had the worst outcomes in terms of symptoms and function and return to sport.
Most patients who undergo ACL reconstruction aim to return to their preinjury sport. The current data support previous data, which show that outcomes are better for patients who have returned to their preinjury sport than those who have not [3, 8] . In the current study, patientreported outcomes and limb symmetry scores were most noticeably different between those who had returned and those who had not. When interpreting these data, it is however relevant to note that patients who had returned to their preinjury sport were younger; therefore, some of the differences may be the result of age.
The findings from this study showed that some of the most commonly used functional performance and validated clinical scores for ACL reconstruction are higher for patients who are younger, male, and have returned to their preinjury sport. These are important data for clinicians who are making both rehabilitation and return to sport decisions. Such decisions and associated discussions with patients can be based specifically on the patient's age, gender, and sport status rather than the ''average'' patient who has ACL reconstruction. The current data are robust for measures taken at approximately 1 year after ACL reconstruction, but further studies are required to determine whether the same differences are present at other time points. 30 (10) 4 (5) 1 (2) 1.2 (2) 91 (14) 94 (14) 82 (13) 79 ( 1 (2) 1.3 (3) 93 (13) 96 (12) 86 ( (2) 97 (10) 99 (10) 90 (8) 90 ( 
